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DESCRIPTION 

WIRELESS ACCESS SYSTEM AND METHOD 

5 TECHNICAL FIELD 

The present invention relates to a wireless access system 
and method. More particularly, the invention relates to a 
wireless access system in which an optical transmission system 
is incorporated in a wireless LAN ( Local Area Network ) system using 
10 Carrier Sense Multiple Access (CSMA) for Media Access Control (MAC) , 
and to a wireless access method performed by such a wireless access 
system. 

BACKGROUND ART 

15 An exemplary configuration of a conventional wireless LAN 

system is illustrated in FIG. 15. Such a conventional 
configuration example is disclosed in "Wireless LAN Technology 
Guide (Musen LAN gijutsu kouza)" by Matsushita et al., page 90, 
Soft Research Center Inc., September 1994, for example. 

20 In FIG. 15, a conventional wireless LAN system includes: 

a network switch (SW) 512 connected to Ethernet network 511 
("Ethernet" is a registered trademark of Xerox Corporation); a 
plurality of access points (APs) 513a to 513c for a wireless LAN; 
and a plurality of terminals 514a to 514c. The network switch 

25 512 and the access points 513a to 513c are connected by electrical 
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cables 515, such as twisted pair cables for Ethernet. Although 
FIG. 15 shows the case where there are three access points, the 
number of access points is not limited thereto. In addition, 
although the example shows that there is only one terminal present 
5 in each of areas a to c, there may be a plurality of terminals. 

The network switch 512 outputs an Ethernet signal received 
from Ethernet network 511 to any of the access points 513a to 513c 
by switching. The access points 513a to 513c are devices for 
performing mutual conversion between Ethernet signals and wireless 

10 LAN signals. Area a is an area where the access point 513a can 
establish wireless communication, area b is an area where the access 
point 513b can establish wireless communication, and area c is 
an area where the access point 513c can establish wireless 
communication. The terminal 514a is present in area a and can 

15 wirelessly communicate with the access point 513a. The terminal 
514b is present in area b and can wirelessly communicate with the 
access point 513b. The terminal 514c is present in area c and 
can wirelessly communicated with the access point 513c. Areas 
a to c are configured not to overlap each other, and the radio 

20 wave through which a terminal is wirelessly communicating with 
an access point is configured not to reach other terminals. 

As is widely known, the area within which one access point 
can establish communication is limited by transmission power , etc . 
For example, in the case of IEEE 802.11a compliant wireless LAN 

25 systems, the 5 GHz band is used for the frequency of wireless LAN 
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signals , and therefore the communicable distance is on the order 
of 100 m due to spatial propagation loss . Thus , in order to increase 
the wireless communications area in a conventional wireless LAN 
system having the above -described configuration, a technique in 
5 which the number of access points is simply increased (see FIG. 
16) or a technique in which a plurality of wireless stations are 
connected to an access point (see FIG. 17) may be employed. 

The technique shown in FIG. 16 additionally installs an 
access point 513d so as to add an area d. This technique, however, 

10 involves increasing the number of expensive access points that 
require complex functions , such as radio -frequency conversion and 
channel conversion, resulting in a significant increase in system 
cost. Moreover, if the user installs access points randomly in 
various locations , trouble such as radio interference may be caused 

15 or the maintainability of the wireless LAN system (such as 
adjustment or repair of access points) may be reduced. 

The technique shown in FIG. 17 is to control wireless stations 
517a and 517b by an access point 513c so as to add an area d. In 
this technique , since inexpensive wireless stations requiring only 

20 radio signal transmission/reception functions are additionally 
provided, there is not much influence on system cost. However, 
there is a need for one access point to cover a plurality of areas 
corresponding to a plurality of wireless stations. Thus, in the 
case where a plurality of areas use CSMA that verifies the 

25 availability of wireless transmission lines using carrier sense 
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and sends out radio waves when the wireless transmission lines 
are available, the following hidden terminal problem may occur. 

In wireless LAN systems, one access point can communicate 
with one terminal at a time. In the case where each access point 
5 covers a single area as in conventional wireless LAN systems (see 
FIG. 15), a plurality of terminals present in the same area can 
receive wireless radio waves in that area, and thus the terminals 
can always see which terminal is currently accessing the access 
point . Thus , by performing access control by individual terminals . 

10 collisions between a plurality of accesses do not occur . However , 
in the case of the wireless LAN system shown in FIG. 17, since 
there is no radio wave communication between areas c and d , a terminal 
514d in area d cannot see when a terminal 514c in area c is accessing 
the access point 513c via the wireless station 517a. Therefore, 

15 while the terminal 514c is communicating with the access point 
513c, the terminal 514d (so-called hidden terminal) may also try 
to access the access point 513c, in which case collisions may occur 
between a plurality of accesses, degrading transmission 
performance . 

20 Therefore, an object of the present invention is to provide 

a wireless access system and method by which the wireless 
communications area covered by a single access point is increased 
while maintaining the maintainability of the access point, 
minimizing an increase in system cost, and avoiding the hidden 

25 terminal problem. 
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DISCLOSURE OF THE INVENTION 
The present invention is directed to a wireless access system 
using Carrier Sense Multiple Access for Media Access Control of 
5 a host device by terminals . To achieve the above object , a wireless 
access system of the present invention comprises a master station, 
a plurality of slave stations, and an access control section. 
The master station converts an electrical signal in a 
downstream direction Inputted from the host device into an optical 

10 signal and sends out the optical signal to an optical fiber 
transmission line, and also converts an optical signal in an 
upstream direction inputted through the optical fiber transmission 
line into an electrical signal and outputs the electrical signal 
to the host device. The plurality of slave stations each convert 

15 an electrical signal in the upstream direction received from any 
one of the terminals in a wireless communications area into an 
optical signal and send out the optical signal to an optical fiber 
transmission line, and also convert an optical signal in the 
downstream direction inputted through the optical fiber 

20 transmission line into an electrical signal and send out the 
electrical signal to the wireless communications area . The access 
control section transmits an optical signal in the downstream 
direction sent out from the master station , to each of the plurality 
of slave stations through the optical fiber transmission line, 

25 transmits an optical signal in the upstream direction sent out 
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from any one of the plurality of slave stations, to the master 
station through the optical fiber transmission line, and notifies 
all other slave stations that the one of the slave stations has 
outputted the optical signal in the upstream direction. 
5 Preferably, the access control section comprises an optical 

multiplexing/demultiplexing section for allowing an optical 
signal in the downstream direction sent out from the master station 
to be demultiplexed and transmitting the demultiplexed optical 
signals to the plurality of slave stations, and for allowing the 

10 optical signal in the upstream direction sent out from the one 
of the slave stations to be demultiplexed and transmitting the 
demultiplexed optical signals to the master station and all other 
slave stations or the plurality of slave stations. 

Alternatively, the access control section may comprise an 

15 optical multiplexing/demultiplexing section for allowing an 
optical signal in the downstream direction sent out from the master 
station to be demultiplexed and transmitting the demultiplexed 
optical signals to the plurality of slave stations, and for 
outputting an optical signal in the upstream direction sent out 

20 from any one of the slave stations to the master station. The 
master station may superimpose the optical signal in the upstream 
direction sent out from any one of the slave stations onto an optical 
signal in the downstream direction and return the superimposed 
optical signal back to the optical multiplexing/demultiplexing 

25 section. Alternatively, any one of the terminals may transmit 
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a Request -to- Send packet to the host device via the one of the 
slave stations and the optical multiplexing/demultiplexing 
section, and the host device may transmit a Clear- to-Send packet 
to the plurality of slave stations via the optical 
5 multiplexing/demultiplexing section, the Clear- to -Send packet 
being a response to the Request-to-Send packet. It is preferred 
that the Clear-to-Send packet include at least information about 
authorizing any one of the terminals to start transmission and 
information about allowing all other terminals to stop transmission 

10 for a predetermined period of time. In addition, it is preferred 
that any one of the slave stations having transmitted an optical 
signal in the upstream direction cancel its own optical signal 
in the upstream direction which has been returned back thereto 
from the optical multiplexing/ demultiplexing section. 

15 Typically , the optical multiplexing/demultiplexing section 

is an omnidirectional distribution optical 

multiplexer/demultiplexer including at least an optical port 
connected to the master station and a plurality of optical ports 
connected to the plurality of slave stations, respectively, and 

20 having formed therein an optical transmission path through which 
an optical signal inputted to any one of the optical ports is 
outputted to all other optical ports. The optical 

multiplexing/demultiplexing section may be composed of a 
combination of a plurality of optical multiplexing/demultiplexing 

25 units each including three optical ports and having formed therein 
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an optical transmission path through which an optical signal 
inputted to any one of the optical ports is outputted to all other 
optical ports . The optical multiplexing/demultiplexing section 
or the optical multiplexing/demultiplexing unit may be formed of 

5 a plurality of optical couplers or an optical waveguide. 

The optical multiplexing/demultiplexing section may be a 
loopback optical coupler including at least an optical port 
connected to the master station, a plurality of optical ports 
connected to the plurality of slave stations , respectively, and 

10 two optical ports connected to each other by a loop and having 
formed therein an optical transmission path through which an 
optical signal inputted to any one of the optical ports from any 
one of the slave stations is outputted to the plurality of slave 
stations through the two optical ports connected to each other 

15 by a loop. Alternatively, the optical 

multiplexing/demultiplexing section may be a reflection optical 
coupler including at least an optical port connected to the master 
station, a plurality of optical ports connected to the plurality 
of slave stations, respectively, and one optical port processed 

20 to be light reflective and having formed therein an optical 
transmission path through which an optical signal inputted to any 
one of the optical ports from any one of the slave stations is 
outputted to the plurality of slave stations through the one optical 
port processed to be light reflective. 

25 Specifically, the master station may comprise: a first 
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high-frequency amplification section for amplifying the 
electrical signal in the downstream direction inputted from the 
host device; an optical reception section for converting the 
optical signal in the upstream direction received from the access 

5 control section into an electrical signal; an optical transmission 
section for converting the electrical signal amplified by the first 
high-frequency amplif ication section into an optical signal; and 
a second high-frequency amplification section for amplifying the 
electrical signal converted by the optical reception section. In 

10 addition, in the case where an optical signal in the upstream 
direction is caused to be returned back to the optical 
multiplexing/demultiplexing section from the master station, the 
master station may further comprise a multiplexing section for 
allowing the electrical signal converted by the optical reception 

15 section and the electrical signal amplified by the first 
high-frequency amplification section to be multiplexed together. 

The master station may further comprise a 
transmitted/received signal multiplexing/ separation section for 
allowing the electrical signal in the downstream direction inputted 

20 to the first high-frequency amplification section and an electrical 
signal in the upstream direction outputted from the second 
high-frequency amplification section to be multiplexed together 
onto one transmission line, or may further comprise an optical 
signal multiplexing/ separation section for allowing the optical 

25 signal in the downstream direction transmitted from the optical 
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transmission section and the optical signal in the upstream 
direction received by the optical reception section to be 
multiplexed together onto one optical fiber transmission line. 
The optical signal multiplexing/ separation section may perform 
5 wavelength division multiplexing. 

Specifically, the slave stations may each comprise: an 
optical reception section for converting the optical signal in 
the downstream direction received from the access control section 
into an electrical signal; a first high-frequency amplification 

10 section for amplifying an electrical signal in the upstream 
direction received from any one of the terminals; a second 
high-frequency amplification section for amplifying the 
electrical signal converted by the optical reception section; and 
an optical transmission section for converting the electrical 

15 signal amplified by the first high-frequency amplification section 
into an optical signal. In addition, in the case where an optical 
signal in the upstream direction transmitted from a slave station 
is caused to be returned back to the slave station , the slave station 
may further comprise a phase inversion section for inverting a 

20 phase of the electrical signal amplified by the first 
high-frequency amplification section; a delay section for 
imparting a predetermined amount of delay to the electrical signal 
whose phase has been inverted by the phase inversion section; and 
amultiplexing section for allowing the electrical signal converted 

25 by the optical reception section and the electrical signal delayed 
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by the delay section to be multiplexed together. 

The slave stations may each further comprise an optical 
signal multiplexing/ separation section for allowing an optical 
signal in the upstream direction transmitted from the optical 
5 transmission section and the optical signal in the downstream 
direction received by the optical reception section to be 
multiplexed together onto one optical fiber transmission line, 
or may further comprise a transmitted/received signal 
multiplexing/ separation section for allowing the electrical 

10 signal in the upstream direction inputted to the first 
high-frequency amplification section and an electrical signal in 
the downstream direction outputted from the second high-frequency 
amplification section to be multiplexed together onto a wireless 
transmission line by means of one antenna. The optical signal 

15 multiplexing/ separation section may perform wavelength division 
multiplexing . 

In addition, the present invention is directed to a wireless 
access method performed by a system using Carrier Sense Multiple 
Access for Media Access Control of a host device by terminals. 

20 To achieve the above objects , a wireless access method of the present 
invention comprises : connecting the host device and the terminals 
viaamaster station and a plurality of slave stations ; transmitting 
a signal in a downstream direction outputted from the host device, 
to the plurality of slave stations from the master station through 

25 a predetermined transmission line; and transmitting a signal in 
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an upstream direction received by a specific slave station from 
any one of the terminals in a wireless communications area, to 
the master station and other slave stations through the 
predetermined transmission line. 
5 As described above, according to the present invention, it 

is possible to provide wireless LAN services over a wide area with 
one access point, and also possible to prevent degradation of 
transmission performance due to the hidden terminal problem. In 
addition, the slave station whose transmitted upstream signal has 
10 been returned thereto performs the process of canceling its own 
transmitted signal using a return signal cancellation section, 
and therefore it is possible to prevent interference between a 
radio wave transmitted to a terminal from the slave station and 
a radio waves transmitted to the slave station from the terminal . 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a basic configuration 
of a wireless access system according to first to fourth embodiments 
of the present invention. 
20 FIG. 2 is a diagram illustrating an exemplary detailed 

configuration of an optical multiplexing/demultiplexing section 
in the first and third embodiments. 

FIG. 3 is a diagram illustrating an exemplary detailed 
configuration of a master station in the first, second, and fourth 
25 embodiments . 
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FIG. 4 is a diagram illustrating an exemplary detailed 
configuration of a slave station in the first and second 
embodiments . 

FIGS. 5 and 6 are diagrams illustrating exemplary detailed 
5 configurations of an optical multiplexing/demultiplexing section 
in the second embodiment. 

FIGS. 7 and 8 are diagrams illustrating exemplary optical 
multiplexing/ demultiplexing units constituting an optical 
multiplexing/demultiplexing section . 
10 FIGS. 9 and 10 are diagrams illustrating exemplary optical 

multiplexing/demultiplexing sections constructed by using the 
optical multiplexing/demultiplexing unit shown in FIG. 7. 

FIG. 11 is a diagram illustrating an exemplary detailed 
configuration of a master station in the third embodiment. 
15 FIG. 12 is a diagram illustrating an exemplary detailed 

configuration of a slave station in the third and fourth 
embodiments . 

FIGS. 13 and 14 are diagrams illustrating exemplary detailed 
configurations of an optical multiplexing/ demultiplexing section 
20 in the fourth embodiment. 

FIG. 15 is a block diagram illustrating a configuration of 
a conventional wireless LAN system. 

FIGS. 16 and 17 are diagrams for explaining conventional 
techniques for increasing the wireless communications area in the 
25 wireless LAN system shown in FIG. 15. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
In a wireless access system of the present invention, by 
adjusting the number of areas set for one access point , it is possible 
5 to freely increase the wireless communications area covered by 
a single access point. A wireless access system of the present 
invention will be described below using an example where three 
areas are set for one access point. 



10 (First Embodiment) 

FIG. 1 is a block diagram illustrating a configuration of 
a wireless access system according to a first embodiment of the 
present invention. The wireless access system according to the 
first embodiment includes: an access point (AP) 12 connected to 

15 Ethernet network 11; a master station 13; an optical 
multiplexing/demultiplexing section 14 which serves as an access 
control section; slave stations 15a to 15c; and terminals 16a to 
16c. The access point 12 and the master station 13 are connected 
to each other by an electrical cable transmission line 17. The 

20 master station 13 and the optical multiplexing/demultiplexing 
section 14, and the optical multiplexing/ demultiplexing section 
14 and the slave stations 15a to 15c are connected by optical fiber 
transmission lines 18. The slave stations 15a to 15c and the 
terminals 16a to 16c are connected by wireless transmission lines 

25 19 , respectively . 
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First , each component of the wireless access system according 
to the first embodiment is briefly described. 

The access point 12 serves as a host device for the master 
station 13, and converts an Ethernet signal received from the 

5 Ethernet network 11 into a wireless LAN signal and sends out the 
wireless LAN signal to the master station 13. In addition, the 
access point 12 converts a wireless LAN signal outputted from the 
master station 13 into an Ethernet signal and sends out the Ethernet 
signal to the Ethernet network 11. The master station 13 converts 

10 a wireless LAN signal outputted from the access point 12 into an 
optical signal and sends out the optical signal to the optical 
multiplexing/ demultiplexing section 14 . In addition, the master 
station 13 converts an optical signal outputted from the optical 
multiplexing/demultiplexing section 14 into a wireless LAN signal 

15 and sends out the wireless LAN signal to the access point 12. The 
optical multiplexing/demultiplexing section 14 allows an optical 
signal outputted from the master station 13 to be demultiplexed 
and sends out the demultiplexed optical signals to each of the 
slave stations 15a to 15c. In addition, the optical 

20 multiplexing/demultiplexing section 14 sends out to the master 
station 13 an optical signal outputted from the slave stations 
15a to 15c. The slave stations 15a to 15c all have the same 
configuration, and each convert an optical signal outputted from 
the optical multiplexing/demultiplexing section 14 into an 

25 electrical signal and transmit a radio wave corresponding to the 
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electrical signal from their respective antennas. In addition, 
the slave stations 15a to 15c each convert a radio wave received 
by their respective antennas into an optical signal and sends out 
the optical signal to the optical multiplexing/ demultiplexing 
5 section 14. The terminals 16a to 16c each receive, by their 
respective antennas , a radio wave transmitted from their respective 
slave stations 15a to 15c and demodulate the radio wave, thereby 
obtaining an electrical signal. In addition, the terminals 16a 
to 16c each modulate a predetermined electrical signal and transmit 
10 a radio wave corresponding to the electrical signal to their 
respective slave stations 15a to 15c from their respective 
antennas . 

Area A is an area where the slave station 15a can establish 
wireless communication, area B is an area where the slave station 

15 15b can establish wireless communication, and area C is an area 
where the slave station 15c can establish wireless communication. 
The terminal 16a is present in area A and can wirelessly communicate 
with the slave station 15a. The terminal 16b is present in area 
B and can wirelessly communicate with the slave station 15b. The 

20 terminal 16c is present in area C and can wirelessly communicate 
with the slave station 15c. Areas A to C are configured not to 
overlap each other, and the radio wave through which a terminal 
is wirelessly communicating with its slave station is configured 
not to reach other terminals. Although FIG. 1 shows an example 

25 in which only one terminal is present in each of areas A to C, 



WO 2004/095776 



PCT/JP2004/004991 



it is also possible to provide a plurality of terminals. 

FIG. 2 is a diagram illustrating an exemplary detailed 
configuration of the optical multiplexing/demultiplexing section 
14. The optical multiplexing/demultiplexing section 14 shown in 
5 FIG. 2 is a typical optical waveguide having four optical ports 
Pnl to Pn4, and functions such that an optical signal inputted 
from the optical port Pnl is outputted to each of the optical ports 
Pn2 to Pn4 in a distributed manner , and an optical signal inputted 
from the optical ports Pn2 to Pn4 is outputted only to the optical 

10 port Pnl . In the configuration of the first embodiment , the optical 
port Pnl is connected to the master station 13 and the optical 
ports Pn2 to Pn4 are connected to the slave stations 15a to 15c, 
respectively, by the optical fiber transmission lines 18. The 
optical multiplexing/demultiplexing section 14 may be composed 

15 of a 1:2 or 1:3 optical coupler. The optical waveguide is more 
effective in reducing the size of the optical 
multiplexing/demultiplexing section 14, compared to the optical 
coupler. In the present embodiment, the optical 

multiplexing/demultiplexing section 14 has four optical ports. 

20 As such, optical ports are provided according to the number of 
slave stations. 

FIG. 3 is a block diagram illustrating an exemplary detailed 
configuration of the master station 13. In FIG. 3, the master 
station 13 includes a transmitted/received signal 

25 multiplexing/ separation section 131, a first high-frequency 
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amplification section 132 , an optical transmission section 133, 
an optical signal multiplexing/separation section 134, an optical 
reception section 135, and a second high-frequency amplification 
section 136. 

5 The transmitted/received signal multiplexing/ separation 

section 131 separates a wireless LAN signal output ted from the 
access point 12, from a multiplexed electrical signal communicated 
through the electrical cable transmission line 17, and outputs 
the wireless LAN signal to the first high-frequency amplification 

10 section 132. In addition, the transmitted/received signal 
multiplexing/ separation section 131 allows a wireless LAN signal 
outputted from the second high-frequency amplification section 
136 to be multiplexed with a wireless LAN signal outputted from 
the access point 12 , and sends out to the access point 12 the wireless 

15 LAN signal outputted from the second high-frequency amplification 
section 136. That is, the transmitted/received signal 
multiplexing/ separation section 131 allows an electrical signal 
in the upstream direction and an electrical signal in the downstream 
direction to be multiplexed together onto one electrical cable 

20 transmission line 17. The first high-frequency amplification 
section 132 performs a predetermined amplification process on the 
wireless LAN signal separated by the transmitted/received signal 
multiplexing/ separation section 131. The optical transmission 
section 133 converts the wireless LAN signal amplified by the first 

25 high-frequency amplification section 132 into an optical signal. 
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The optical signal multiplexing/ separation section 134 allows the 
optical signal converted by the optical transmission section 133 
to be multiplexed with an optical signal outputted from the optical 
multiplexing/ demultiplexing section 14 , and sends out to the 
optical multiplexing/ demultiplexing section 14 the optical signal 
converted by the optical transmission section 133- In addition, 
the optical signal multiplexing/separation section 134 separates 
an optical signal outputted from the optical 
multiplexing/demultiplexing section 14, from a multiplexed 
optical signal communicated through the optical fiber transmission 
line 18, and outputs the separated optical signal to the optical 
reception section 135, That is, the optical signal 
multiplexing/ separation section 134 allows an optical signal in 
the upstream direction and an optical signal in the downstream 
direction to be multiplexed together onto one optical fiber 
transmission line 18. The optical reception section 135 converts 
the optical signal separated by the optical signal 
multiplexing/ separation section 134 into a wireless LAN signal. 
The second high-frequency amplification section 136 performs a 
predetermined amplification process on the wireless LAN signal 
converted by the optical reception section 135, and then outputs 
the amplified wireless LAN signal to the transmitted/received 
signal multiplexing/ separation section 131. 

When two electrical cable transmission lines 17 (one for 
the upstream direction and the other for the downstream direction) 

19 
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are used, it is not necessary to provide the transmitted/received 
signal multiplexing/ separation section 131. In addition, when 
two optical fiber transmission lines 18 (one for the upstream 
direction and the other for the downstream direction) are used, 
it is not necessary to provide the optical signal 
multiplexing /separation section 134. 

FIG. 4 is a block diagram illustrating an exemplary detailed 
configuration of the slave stations 15a to 15c. In FIG. 4, the 
slave stations 15a to 15c each include an optical signal 
multiplexing/ separation section 151 , an optical reception section 
152 , a second high-frequency amplification section 153, an antenna 
transmitted/received signal multiplexing/ separation section 154 , 
a first high-frequency amplification section 155, and an optical 
transmission section 156. 

The optical signal multiplexing/ separation section 151 
allows an optical signal converted by the optical transmission 
section 156 to be multiplexed with an optical signal output ted 
from the optical multiplexing/demultiplexing section 14 , and sends 
out to the optical multiplexing/demultiplexing section 14 the 
optical signal converted by the optical transmission section 156 . 
In addition, the optical signal multiplexing/ separation section 
151 separates an optical signal outputted from the optical 
multiplexing/demultiplexing section 14, from a multiplexed 
optical signal communicated through an optical fiber transmission 
line 18, and outputs the separated optical signal to the optical 

20 
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reception section 152. That is, the optical signal 
multiplexing/ separation section 151 allows an optical signal in 
the upstream direction and an optical signal in the downstream 
direction to be multiplexed together onto one optical fiber 
transmission line 18. The optical reception section 152 converts 
the optical signal separated by the optical signal 
multiplexing/ separation section 151 into a wireless LAN signal. 
The second high-frequency amplification section 153 performs a 
predetermined amplification process on the wireless LAN signal 
converted by the optical reception section 152, The antenna 
transmitted/received signal multiplexing/ separation section 154 
transmits the wireless LAN signal outputted from the second 
high-frequency amplification section 153. In addition, the 
antenna transmitted/received signal multiplexing/separation 
section 154 outputs a wireless LAN signal received by the antenna 
to the first high-frequency amplification section 155. That is, 
the antenna transmitted/received signal multiplexing/ separation 
section 154 allows an electrical signal in the upstream direction 
and an electrical signal in the downstream direction to be 
multiplexed together onto a wireless transmission line by means 
of one antenna. The first high-frequency amplification section 
155 performs a predetermined amplification process on the wireless 
LAN signal separated by the antenna transmitted/received signal 
multiplexing/ separation section 154. The optical transmission 
section 156 converts the wireless LAN signal amplified by the first 



21 
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high-frequency amplification, section 155 into an optical signal, 
and then outputs the optical signal to the optical signal 
multiplexing/ separation section 151. The optical signal 
multiplexing/ separation section 151 and the optical transmission 
5 section 156 may be configured to perform wavelength division 
multiplexing . 

When two optical fiber transmission lines 18 (one for the 
upstream direction and the other for the downstream direction) 
are used, it is not necessary to provide the optical signal 

10 multiplexing/separation section 151. In addition, when two 
antennas (one for transmission and the other for reception) are 
used, it is not necessary to provide the antenna 
transmitted/received signal multiplexing/separation section 154 . 

Next, a wireless access method is described which is 

15 performed by the wireless access system according to the first 
embodiment configured as described above . In the first embodiment , 
the access control function is provided through collaboration 
between the optical multiplexing/demultiplexing section 14 and 
the access point 12 . The following describes an example case where 

20 the terminal 16a transmits data to the access point 12. 

First , the terminal 16a sends out , prior to data transmission, 
a Request- to-Send (RTS) packet to request data transmission, to 
the slave station 15a. The RTS packet is then sent to the master 
station 13 from the slave station 15a via the optical 

25 multiplexing/demultiplexing section 14. The master station 13 
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sends out the received RTS packet to the access point 12 and receives 
from the access point 12 a Clear- to-Send (CTS) packet which is 
an authorization response to the RTS packet . The CTS packet may 
include information ( e . g . , an address ) specifying the slave station 
5 15a that has requested transmission, information about the time 
period to be used for data transmission, and the like. The master 
station 13 sends out the received CTS packet to the optical 
multiplexing/demultiplexing section 14. The CTS packet is split 
into three packets by the optical multiplexing/demultiplexing 
10 section 14 and the CTS packets are sent out to each of the slave 
stations 15a to 15c , whereby the slave stations 15b and 15c are 
notified that the slave station 15a is currently accessing the 
access point 12. The slave stations 15a to 15c having received 
the CTS packets transmit the CTS packets to areas A to C , respectively . 
15 The terminal 16a having received the CTS packet from the slave 
station 15a verifies that the request has been authorized, and 
thus starts a data transmission process. The terminals 16b and 
16c having received the CTS packets from the slave stations 15b 
and 15c, respectively, recognize that the terminal 16a will start 
20 the data transmission process, and thus stop transmitting radio 
waves for a predetermined period of time (preferably, the time 
period included in the packet ) . 

As described above, according to the wireless access system 
of the first embodiment of the present invention, in the 
25 configuration where the master station and slave stations are 
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connected through a typical optical multiplexing/demultiplexing 
section, before the actual data transmission takes place, RTS and 
CTS packets are transmitted and received so that only one terminal 
can access the access point at a time. This makes it possible 
to provide wireless LAN services over a wide area with one access 
point, and also possible to prevent degradation in transmission 
performance due to the hidden terminal problem. 

(Second Embodiment) 

The foregoing first embodiment describes a wireless access 
system with which the hidden terminal problem is solved by 
transmitting and receiving RTS and CTS packets before the actual 
data transmission takes place. On the other hand, a second 
embodiment will describe a wireless access system with which the 
hidden terminal problem is solved while performing the actual data 
transmission, without the need to perform transmission and 
reception of the packets. 

The configuration of the wireless access system according 
to the second embodiment of the present invention is the same as 
that shown in the block diagram of FIG. 1, except that the 
transmission and reception of RTS and CTS packets are not performed 
between the master station 13 and the slave stations 15a to 15c, 
and that a special optical multiplexing /demultiplexing section 
24 is used in place of the optical multiplexing/demultiplexing 
section 14. The wireless access system according to the second 

24 
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embodiment will be described below with particular emphasis on 
the optical multiplexing/demultiplexing section 24. 

FIGS. 5 and 6 are diagrams illustrating exemplary detailed 
configurations of the optical multiplexing/demultiplexing 

5 section 24. The optical multiplexing/demultiplexing section 24 
shown in FIG. 5 is an optical waveguide having four optical ports 
PI to P4, and is an omnidirectional distribution optical 
multiplexer/ demultiplexer functioning such that an optical signal 
inputted from any one of the optical ports is outputted to all 

10 other optical ports in a distributed manner. Specifically, an 
optical signal inputted from the optical port PI is outputted to 
the optical ports P2 , P3, and P4; an optical signal inputted from 
the optical port P2 is outputted to the optical ports PI, P3, and 
P4 ; an optical signal inputted from the optical port P3 is outputted 

15 to the optical ports PI , P2 , and P4 ; and an optical signal inputted 
from the optical port P4 is outputted to the optical ports PI, 
P2, and P3. The optical multiplexing/demultiplexing section 24 
shown in FIG. 6 is an optical coupler having four optical ports 
PI to P4 and constructed by a combination of 1:2 optical couplers 

20 241 to 244 and a 2:2 optical coupler 245. The optical coupler 
in FIG. 6 is, as with the optical waveguide in FIG. 5, an 
omnidirectional distribution optical multiplexer/demultiplexer 
functioning such that an optical signal inputted from any one of 
the optical ports is outputted to all other optical ports. In 

25 the configuration of the second embodiment, the optical port PI 
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Is connected to a master station 13 , and the optical ports P2 to 
P4 are connected to slave stations 15a to 15c, respectively, by 
optical fiber transmission lines 18. In the present embodiment, 
the optical multiplexing/ demultiplexing section 24 has four 
5 optical ports. As such, optical ports are provided according to 
the number of slave stations. 

The optical multiplexing/demultiplexing section 24 may also 
be constructed by combining a plurality of basic optical 
multiplexing/demultiplexing units 25 shown in FIGS. 7 and 8. The 

10 optical multiplexing/demultiplexing unit 25 shown in FIG. 7 is 
an optical waveguide having three optical ports Pml to Pm3, in 
which an optical signal inputted from any one of the optical ports 
is outputted to all other optical ports . The optical 
multiplexing/demultiplexing unit 25 shown in FIG. 8 is constructed 

15 by combining the configuration shown in FIG. 7 with 1:2 optical 
couplers 251 to 253. 

By combining a plurality of these basic optical 
multiplexing/demultiplexing units 25, an optical 
multiplexing/demultiplexing section 24 with a various number of 

20 optical ports can be constructed. FIG. 9 illustrates an exemplary 
optical multiplexing/ demultiplexing section 26 having five 
optical ports and using a tree connection. FIG. 10 illustrates 
another exemplary optical multiplexing/demultiplexing section 26 
having five optical ports and using a multidrop connection. 

25 Next, a wireless access method is described which is 
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performed by the wireless access system according to the second 
embodiment configured as described above. In the second 
embodiment , the access control function is provided by the optical 
multiplexing/demultiplexing section 24 alone. The following 

5 describes an example case where a terminal 16a transmits data to 
an access point 12. 

The terminal 16a sends out any desired transmission data 
to the slave station 15a according to a predetermined form having 
a communication header and the like added thereto. The slave 

10 station 15a having received the transmission data outputs the 
transmission data to an optical port P2 of the optical 
multiplexing/demultiplexing section 24. The optical 

multiplexing/demultiplexing section 24 outputs the transmission 
data inputted to the optical port P2 to each of the optical ports 

15 PI, P3, and P4, whereby the slave stations 15b and 15c are notified 
that the slave station 15a is currently accessing the access point 
12. The slave station 15b having received the transmission data 
from the terminal 16a through the optical port P3 sends out this 
transmission data to area B , whereby the terminal 16b recognizes 

20 that the terminal 16a has started the data transmission process, 
and thus stops transmitting radio waves for a predetermined period 
of time. Similarly, the slave station 15c having received the 
transmission data from the terminal 16a through the optical port 
P4 sends out this transmission data to area C, whereby the terminal 

25 16c recognizes that the terminal 16a has started the data 
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transmission process, and thus stops transmitting radio waves for 
a predetermined period of time. On the other hand, the master 
station 13 having received the transmission data from the terminal 
16a through the optical port PI sends out this transmission data 
to the access point 12. 

As described above, according to a wireless access system 
of the second embodiment of the present invention, in the 
configuration where the master station and slave stations are 
connected through an optical multiplexing/demultiplexing section, 
an optical multiplexing/demultiplexing section which allows an 
optical signal inputted to any one of the optical ports to be 
outputted to all other optical ports is used so that only one terminal 
can access the access point at a time. This makes it possible 
to provide wireless LAN services over a wide area with one access 
point, and also possible to prevent degradation in transmission 
performance due to the hidden terminal problem. 

(Third Embodiment) 

The foregoing second embodiment describes a wireless access 
system that uses a special optical multiplexing/demultiplexing 
section 24 to solve the hidden terminal problem while performing 
the actual data transmission, without the need to perform 
transmission and reception of RTS and CTS packets. On the other 
hand, a third embodiment describes a wireless access system which, 
although using a typical optical multiplexing/demultiplexing 
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section 14, does not need to perform transmission and reception 
of the packets. 

The configuration of the wireless access system according 
to the third embodiment of the present invention is the same as 
5 that shown in the block diagram of FIG. 1, except that a master 
station 33 is used in place of the master station 13 and slave 
stations 35a to 35c are used in place of the slave stations 15a 
to 15c. The wireless access system according to the third 
embodiment will be described below with particular emphasis on 

10 the master station 33 and the slave stations 35a to 35c. 

FIG. 11 is a block diagram illustrating an exemplary detailed 
configuration of the master station 33. In FIG. 11, the master 
station 33 includes a transmitted/received signal 
multiplexing/ separation section 131, a first high-frequency 

15 amplification section 132, an optical transmission section 133, 
an optical signal multiplexing/ separation section 134, an optical 
reception section 135, a second high-frequency amplification 
section 136, and an upstream signal delivery section 337. As can 
be seen from FIG. 11, the master station 33 of the third embodiment 

20 is configured such that the upstream signal delivery section 337 
is added to the master station 13 of the foregoing first embodiment . 
Note that like components are designated by the same reference 
numerals and the descriptions thereof will be omitted. 

The upstream signal delivery section 337 performs the process 

25 of returning an upstream signal received from the slave stations 
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35a to 35c back to the slave stations 35a to 35c. The upstream 
signal delivery section 337 may be composed of a multiplexing 
section 338, for example. The multiplexing section 338 receives 
an input of a downstream wireless LAN signal amplified by the first 
high-frequency amplification section 132 and an input of an 
upstream wireless LAN signal converted by the optical reception 
section 135 , and allows the two signals to be multiplexed together . 
The optical transmission section 133 converts the wireless LAN 
signals multiplexed by the multiplexing section 338 into an optical 
signal. The optical signal multiplexing/separation section 134 
allows the optical signal converted by the optical transmission 
section 133 to be multiplexed with an optical signal outputted 
from the optical multiplexing/demultiplexing section 1 4 , and sends 
to the optical multiplexing/demultiplexing section 14 the optical 
signal converted by the optical transmission section 133 . In other 
words, the upstream signal once outputted is returned back to the 
optical multiplexing/demultiplexing section 14. 

Note that the above -de scribed configuration including the 
multiplexing section 338 is merely an example. In another 
configuration, the wireless LAN signal amplified by the second 
high-frequency amplification section 136 may be substituted for 
the wireless LAN signal converted by the optical reception section 
135 and inputted to the multiplexing section 338 . In still another 
configuration, the multiplexing section 33 8 may be provided between 
the transmitted/received signal multiplexing /separation section 
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131 and the first high-frequency amplification section 132 , and 
the wireless LAN signal amplified by the second high-frequency 
amplification section 136 may be multiplexed with the wireless 
LAN signal separated by the transmitted/received signal 
5 multiplexing/ separation section 131 . In this case too , it is also 
possible to use the wireless LAN signal converted by the optical 
reception section 135 instead of the wireless LAN signal amplified 
by the second high-frequency amplification section 136. 

As can be seen, the upstream signal delivery section 337 

10 provides a function equivalent to that of the optical 
multiplexing/demultiplexing section 24 described in the foregoing 
second embodiment. That is, in the third embodiment, the access 
control function is provided through collaboration between the 
upstream signal delivery section 337 and the optical 

15 multiplexing/demultiplexing section 14. Note, however, that 
since the upstream signal delivery section 337 returns an upstream 
signal back to slave stations including the slave station that 
has transmitted the upstream signal, the slave stations 35a to 
35c are typically configured as described below. 

20 FIG. 12 is a block diagram illustrating an exemplary detailed 

configuration of the slave stations 35a to 35c. In FIG. 12, the 
slave stations 35a to 35c each include an optical signal 
multiplexing/ separation section 151 , an optical reception section 
152, a second high-frequency amplification section 153 , an antenna 

25 transmitted/received signal multiplexing/ separation section 154 , 
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a first high-frequency amplification section 155 , an optical 
transmission section 156 , and a return signal cancellation section 
357. As can be seen from FIG. 12 , the slave stations 35a to 35c 
of the third embodiment are configured such that the return signal 
cancellation section 357 is added to the slave stations 15a to 
15c of the foregoing first embodiment. Note that like components 
are designated by the same reference numerals and the descriptions 
thereof will be omitted. 

The return signal cancellation section 357 performs the 
process of canceling an upstream signal that is superimposed on 
a downstream signal and returned from the master station 33 by 
the process performed by the upstream signal deliver section 337. 
That is, the slave station whose transmitted upstream signal has 
been returned thereto performs the process of canceling its own 
transmitted signal by the return signal cancellation section 357. 
The return signal cancellation section 357 may be composed of a 
phase inversion section 358, a delay section 359 , and a multiplexing 
section 360 , for example . The phase inversion section 358 receives 
an input of a wireless LAN signal amplified by the first 
high-frequency amplification section 155, inverts the phase of 
the inputted wireless LAN signal, and then outputs the phase 
inverted wireless LAN signal. The delay section 359 delays the 
wireless LAN signal whose phase is inverted by the phase inversion 
section 358 by a predetermined amount and then outputs the delayed 
wireless LAN signal. The amount of delay is equal to the amount 
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of delay incurred during the period in which an upstream signal 
is outputted from the first high-frequency amplification section 
155, passed through the upstream signal deliver section 337, and 
then outputted from the optical reception section 152. The 
5 multiplexing section 360 adds together a wireless LAN signal 
converted by the optical reception section 152 and the wireless 
LAN signal delayed by the delay section 359, By this process, 
it is possible to prevent interference between a radio wave 
transmitted to a terminal from a slave station and a radio wave 

10 transmitted to the slave station from the terminal . Note , however , 
that if radio wave interference is not an issue, the return signal 
cancellation section 357 may be omitted. 

Note that the above-described configuration including the 
phase inversion section 358, the delay section 359, and the 

15 multiplexing section 360 is one example . In another configuration , 
a wireless LAN signal separated by the antenna transmitted/received 
signal multiplexing/ separation section 154 may be substituted for 
the wireless LAN signal amplified by the first high-frequency 
amplification section 155 and inputted to the phase inversion 

20 section 358. In still another configuration, the multiplexing 
section 360 may be provided between the second high-frequency 
amplification section 153 and the antenna transmitted/received 
signal multiplexing/ separation section 154, and the wireless LAN 
signal delayed by the delay section 359 may be multiplexed with 

25 the wireless LAN signal amplified by the second high-frequency 
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amplification section 153, In this case too, it is also possible 
to use the wireless LAN signal separated by the antenna 
transmitted/received signal multiplexing /separation section 154 
instead of the wireless LAN signal amplified by the first 
high-frequency amplification section 155. 

As described above, according to the wireless access system 
of the third embodiment of the present invention, in the 
configuration where the master station and slave stations are 
connected through a typical optical multiplexing/demultiplexing 
section, an upstream signal outputted from any one of the slave 
stations is returned to all the slave stations from the master 
station so that only one terminal can access the access point at 
a time. This makes it possible to provide wireless LAN services 
over a wide area with one access point , and also possible to prevent 
degradation in transmission performance due to the hidden terminal 
problem. In addition, since the slave station whose transmitted 
upstream signal has been returned thereto performs the process 
of canceling its own transmitted signal using a return signal 
cancellation section, it is possible to prevent interference 
between a radio wave transmitted to a terminal from the slave station 
and a radio wave transmitted to the slave station from the terminal . 

(Fourth Embodiment) 

The foregoing third embodiment describes a wireless access 
system in which the upstream signal delivery section 3 37 is provided 
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in the master station 33 and the return signal cancellation section 
357 is provided in each of the slave stations 35a to 35c. With 
this wireless access system, even if a typical optical 
multiplexing/demultiplexing section 14 is being used, without the 

5 need to perform transmission and reception of packets , the hidden 
terminal problem can be solved. A fourth embodiment describes 
a wireless access system in which the upstream signal delivery 
section 337 can be omitted. 

The configuration of the wireless access system according 

10 to the fourth embodiment of the present invention is the same as 
that shown in the block diagram of FIG . 1 , except that slave stations 
35a to 35c are used in place of the slave stations 15a to 15c, 
and a special optical multiplexing/demultiplexing section 44 is 
used in place of the optical multiplexing/demultiplexing section 

15 14 . The wireless access system according to the fourth embodiment 
will be described below with particular emphasis on the optical 
multiplexing/demultiplexing section 44. 

The optical multiplexing/demultiplexing section 44 
provides a function equivalent to that of the upstream signal 

20 delivery section 337, and is typically composed of a loopback 
optical coupler shown in FIG. 13 or a reflection optical coupler 
shown in FIG. 14. 

The loopback optical coupler shown in FIG. 13 is composed 
of a 3:3 optical coupler 441 having three optical ports Pll to 

25 P13 on the side of the master station 13 and three optical ports 
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P21 to P23 on the side of the slave stations 35a to 35c. The optical 
port Pll is connected to the master station 13 , and the optical 
port P12 and the optical port P13 are connected to each other. 
The optical ports P21 to P23 are connected to the slave stations 
5 35a to 35c, respectively. In this configuration, an optical signal 
inputted to the optical port Pll from the master station 13 is 
outputted to each of the slave stations 35a to 35c through the 
optical ports P21, P22, and P23, respectively. Also, an optical 
signal inputted to the optical ports P21, P22, and P23 from the 

10 slave stations 35a to 35c is outputted to the master station 13 
through the optical port Pll, and also returned back to the slave 
stations 35a to 35c through the optical ports P21, P22, and P23 
by means of a loop path composed of the optical ports P12 and P13. 
Thus, the loopback optical coupler provides a function equivalent 

15 to that of the upstream signal delivery section 337, by means of 
the loop path composed of the optical ports P12 and P13. Note 
that if the loop path is provided on the master station side, three 
or more optical ports may be provided on the master station side. 
In addition, optical ports on the slave station side are provided 

20 according to the number of slave stations. 

The reflection optical coupler shown in FIG. 14 is composed 
of a 2:3 optical coupler 442 having two optical ports Pll and P12 
on the side of the master station 13 and three optical ports P21 
to P23 on the side of the slave stations 35a to 35c ; and a light 

25 reflection mirror 443. The optical port Pll is connected to the 
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master station 13, and the mirror 443 is disposed at a position 
where an optical signal outputted from the optical port P12 is 
reflected back to the optical port P12: that is, the optical port 
P12 is processed to be light reflective. The optical ports P21 
to P2 3 are connected to the slave stations 35a to 35c, respectively. 
In this configuration, an optical signal inputted to the optical 
port Pll from the master station 13 is outputted to each of the 
slave stations 35a to 35c through the optical ports P21, P22, and 
P23, respectively; and an optical signal inputted to the optical 
ports P21, P22, and P23 from the slave stations 35a to 35c is 
outputted to the master station 13 through the optical port Pll, 
and also reflected by the mirror 443 via the optical port P12 and 
returned back to the slave stations 35a to 35c through the optical 
ports P21, P22, and P23. Thus, the reflection optical coupler 
provides a function equivalent to that of the upstream signal 
delivery section 337 , by means of a light reflection path composed 
of the optical port P12 and the mirror 443. Note that if the light 
reflection path is provided on the master station side, two or 
more optical ports may be provided on the master station side. 
In addition, optical ports on the slave station side are provided 
according to the number of slave stations. Further, it is not 
necessary to provide the light reflection mirror 443 in an 
independent form: for example, the light reflection mirror 443 
may be provided by mirror-polishing an end of the optical port 
P12. 
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As described above, according to the wireless access system 
of the fourth embodiment of the present invention, as with the 
foregoing third embodiment, it is possible to provide wireless 
LAN services over a wide area with one access point , and also possible 
to prevent degradation in transmission performance due to the 
hidden terminal problem. In addition, it is also possible to 
prevent interference between a radio wave transmitted to a terminal 
from a slave station and a radio wave transmitted to the slave 
station from the terminal. 

The foregoing embodiments describe the configuration in 
which one master station and a plurality of slave stations are 
connected via an optical multiplexing/demultiplexing section to 
one access point . In another configuration , a plurality of master 
stations may be connected to one access point, and a plurality 
of slave stations may be connected to each of the plurality of 
master stations via an optical multiplexing/demultiplexing 
section . In addition , a plurality of access points may be provided . 
In this case, for example, a master station and a plurality of 
slave stations may be connected through an optical 
multiplexing/demultiplexing section to each of access points 513a 
to 513c in a conventional wireless LAN system shown in FIG. 15, 
or output signals from the access points 513a to 513c may be 
multiplexed together and the multiplexed signal may be inputted 
to one master station. 
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INDUSTRIAL APPLICABILITY 
The present Invention is applicable to wireless LAN systems 
using Carrier Sense Multiple Access (CSMA) , for example, and may 
be advantageously used to increase the wireless communications 
5 area covered by one access point , while avoiding the hidden terminal 
problem. 
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